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Summary 
 
Among the natural products extracted from plants, tannins 
have been reported to possess antihelmintic properties 
especially for gastrointestinal nematodes in ruminants. 
Also, they are toxic to a wide range of fungi, bacteria and 
yeasts. Therefore, an in vitro and a glasshouse pot experi-
ments were undertaken to evaluate the effect of chestnut 
tannins on the control of the root-knot nematode Meloido-
gyne javanica. In the in vitro experiment, different tannin 
concentrations in a geometric scale (from 0.32 to 20.48 
g/l), were tested for their effect on hatching of the nema-
tode, whereas in the pot experiment, 100, 250 and 450 
g/m2 of tannins in aqueous solutions, were used in pots at 
transplant or at transplant and two weeks later for their 
effect on nematode control. In both experiments treatments 
were compared to untreated and fenamiphos-treated con-
trols. In vitro a nematostatic effect of tannins was ob-
served, whereas in the pot experiment a significant reduc-
tion of eggs and juveniles/g root, total population density 
and reproduction rates of the nematode were recorded. The 
anatomical changes induced by M. javanica in tomato 
roots treated with tannins did not differ from those pro-
duced by this and other Meloidogyne species on various 
hosts reported earlier. 
 
Keywords: Meloidogyne javanica; nematode control; 
chestnut tannins 
 
Introduction 
 
The recent European Legislations (Reg. CE 396/2005; 
1095/2007; 33/2008, 299/2008 and 1107/2009) have 
deeply revised and restricted the use of pesticides on agri-
cultural crops focusing the attention on environmental 
safety, human and animal health. Plant protection from 
phytoparasitic nematodes and soilborne pathogens should 
therefore rely on alternative control strategies that are both 
environmentally sound and economically sustainable.  
 
 
During the last two decades, research on low environ-
mental impact alternatives to chemicals has received a 
strong impulse. A wide range of options was considered, 
including agronomic strategies (green manures, amend-
ments, crop rotations, biofumigations, mycorrhization, 
grafting, resistant cultivars) (Gamliel et al., 2000; Sasanelli 
et al., 2002; Nico et al., 2004; Castillo et al., 2006; Renčo 
et al., 2007; 2009), physical methods (soil solarization, 
steam, ozone treatments) (Sasanelli & Greco, 2000; Tami-
etti & Valentino, 2000; Tjamos et al., 2000; Ciccarese et 
al., 2008), the use of bio-pesticides such as biological 
control agents (mainly fungi and bacteria) (Vannacci & 
Gullino, 2000; Sasanelli et al., 2008); and biocidal plants 
belonging to different botanical families and/or their de-
rived products (Gommers, 1981; Grainge & Ahmed, 1988; 
Sasanelli et al., 2007). 
Focusing especially on plants, many products such as es-
sences, essential oils and aqueous extracts, have been re-
ported for their biocidal effect on fungi, weeds and bacteria 
(Kurita et al., 1981; Janssen et al., 1987; Müller-Riebau et 
al., 1995; Isman, 2000) as well as soil dwelling insects 
(McCaffrey et al., 1995; Elberson et al., 1996; Sharaby et 
al. 1997; Maistrello et al., 2001; 2003). Natural plant 
products could provide a potential alternative to synthetic 
chemicals also for the control of soilborne pathogens and 
parasites, such as phytoparasitic nematodes (Sasanelli, 
1992; Sasanelli & D’Addabbo, 1993; Oka et al., 2000; 
Rodríguez-Kábana & Simmons, 2005). 
Among the natural products extracted from plants, tannins 
have been reported in the literature to possess antihelmintic 
properties especially for gastrointestinal nematodes in 
ruminants and the role of condensed tannins in the anti-
parasitic activity seems to be strongly substantiated by 
results both in vivo and in vitro (Hukkeri et al., 1993; Lo-
pez et al., 2005; Hoste et al., 2006). Tannins, with a high 
affinity to proteins and polysaccharides, are secondary 
plant polyphenols whose physical and chemical properties 
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can change according to the plants, parts of the plants and 
the season in which they are produced (Waterman, 1999; 
Waghorn & McNabb, 2003). Moreover, tannins protect 
several plants against herbivores (Feeny, 1976) and they 
are toxic to a wide range of fungi, bacteria and yeasts 
(Scalbert, 1991). 
Very little information is available on the effect of tannins 
on free-living or phytoparasitic nematodes (Taylor & Mu-
rant, 1966; Saly, 1989; Hewlett et al., 1997), although the 
plant pests can cause severe damages to many agricultural 
crops (Seinhorst, 1965; 1979; Sasanelli, 1994). 
The objective of the present work was to evaluate the ef-
fect of chestnut tannins on: i) the root-knot nematode 
Meloidogyne javanica (Treub) Chitw. both in vitro and in a 
pot experiment on tomato under controlled conditions and 
ii) the histopathological variations induced by the nema-
tode attack.  
 
Material and Methods 
 
In vitro experiment 
The tannins (SAVIOTAN®, Nuova Rivart, Radicofani, 
Siena Province, Italy) were extracted by vapour from 
chestnut wood, without chemical solvents, in powder form 
after dehydration. Technical data and chemical composi-
tion of the used product are reported in Table 1.  
Different concentrations from 0.32 to 20.48 g/l, in a geo-
metric series, were obtained by dissolving the largest rate 
of tannin in distilled water (Table 2).  
An Italian population of M. javanica (Treub) Chitwood, 
from Torchiarolo (Brindisi Province), southern Italy, was 
reared for two months on tomato (Solanum lycopersicum 
L.) cv. Rutgers in a glasshouse at 25 ± 2 °C. Batches with 
fifty egg masses of M. javanica (averaging 10,000 eggs per 
batch) were prepared by collecting egg masses from 
infected tomato roots. The batches were placed on 2 cm 
diameter sieves (215 µm aperture) in a 3.5 cm diameter 
Petri dish. Three ml of each test solution, sufficient to 
cover egg masses, were then added to four batches of egg 
masses. Distilled water and an aqueous solution containing 
5 µg/ml fenamiphos were used as controls (Greco & Tho-
mason, 1980). The dishes were arranged in a completely 
randomised design with four replicates per treatment and 
incubated in a growth cabinet at 20 ± 2 °C (Ekanayake & 
Di Vito, 1984). 
Every week, emerged juveniles were counted and re-
moved, and the hatching solutions renewed. Overall, the 
test lasted twelve weeks. After the first two weeks, the egg 
masses were removed from the tannin and fenamiphos 
solutions and the incubation continued for ten more weeks 
in distilled water only, according to an already described 
methodology (Sasanelli & Di Vito, 1991; Sasanelli & 
D’Addabbo, 1992). 
At the end of the experiment, the egg masses were shaken 
for 3 min in a 1 % sodium hypochlorite aqueous solution 
(Hussey & Barker, 1973) and the unhatched eggs were 
counted. Numbers of juveniles emerging weekly were 
expressed as cumulative percent of the total initial popula-
tion (hatched + unhatched eggs).  
Data were subjected to analysis of variance (ANOVA), 
after arcsin square root transformation (Bliss’ Tables), and 
means were compared by Least Significant Difference’s 
Test. All statistical analysis were performed using the 
PlotIT program.  
 
Glasshouse experiment 
The same population of M. javanica used in the in vitro 
experiment was reared for two months on tomato cv. Rut-
gers in a glasshouse at 25 ± 2 °C. When large mature egg 
masses were formed, tomato roots were finely chopped and 
eggs and juveniles were quantified by processing 10 root 
samples of 5 g each with 1 % aqueous solution of NaOCl 
(Hussey & Barker, 1973). The roots were then thoroughly 
mixed with 3 kg of steam sterilised sandy soil (pH 7.2; 
sand > 99 %; silt < 1 %; clay < 1 % and organic matter = 
0.75 %) and used as inoculum. Appropriate amounts of this 
inoculum were thoroughly mixed with the steam sterilised 
sandy soil in each clay pot containing 1,000 ml soil to give 
Table 1. Chemical composition and characteristics of Saviotan®
 
Characteristic Unit measure % content Analytic Method (UNI 4632) 
Density Baumè °Bè / 15 °C 27 NR LAB 006 
Tannin  % w/w 75 NR LAB 001-002 
Non tannin % w/w 18 NR LAB 001-002 
Non soluble % w/w 1 NR LAB 003 
Water % w/w 6 NR LAB 001-002 
Dry content % w/w 94 NR LAB 007 
Tannin/Non tannin rate --- 4.1 Calculation 
pH (solutions 6.9 °Bè)  --- 3.5 NR LAB 004 
Setting materials 
(solutions 6.9 °Bè)   % v/v 1 NR LAB 008 
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a nematode population density of 5 eggs and juveniles/cm3 
soil (Pi). 
The pots were arranged on benches in a glasshouse at 25 ± 
2 °C in a randomized block design with 10 replicates for 
each treatment. Three tannin concentrations were consi-
dered: i) 100 g/m2; ii) 250 g/m2 and iii) 450 g/m2, applied 
only at transplanting or at transplanting and two weeks 
later, for a total of six tannin treatments (Table 3). Nema-
tode-infested untreated soil and fenamiphos treated soil 
were used as controls. In addition, an un-infested and un-
treated soil was considered. Fenamiphos was applied one 
day before transplanting at the rate of 62.5 l/ha. Tannins 
were applied as aqueous solutions (400 ml/pot), calibrated 
on the water holding capacity of the soil.  
After all treatments had been performed (for treatments 2, 
4, 6 after the first session of treatments), in each pot a one-
month-old tomato seedling cv. S. Marzano was trans-
planted. 
During the experiment tomato plants were maintained in 
the glasshouse randomizing the position of the blocks and 
at the same time repositioning each plant within a block 
every week, to avoid a block position effect and at the 
same time the factor position of the plant within the block. 
Plants received all the necessary maintenance (irrigation, 
fertilization, etc.).  
At the end of the experiment, two months later, plants were 
uprooted and height, fresh and dry top and root weight 
were recorded. Root gall index (GI) was estimated ac-
cording to a 0 – 5 scale, where 0 = no galls; 1 = 1 – 2 galls; 
2 = 3 – 10 galls; 3 = 11 – 30 galls; 4 = 31 – 100 galls and 5 
> 100 galls (Taylor & Sasser, 1978). 
Soil nematode population density in each pot was deter-
mined by processing 500 cm3 soil by the Coolen’s method 
(Coolen, 1979). Numbers of M. javanica eggs and second 
stage juveniles in roots were assessed by cutting up each 
root system into small pieces and further comminuting 
them in a blender, containing 1 % aqueous solution of 
NaOCl for 20 sec (Marull & Pinochet, 1991). The water 
suspension was then sieved through a 250 m pore sieve 
put over a 5 m pore sieve. Nematodes and root debris 
gathered on the 5 m pore sieve were further processed by 
centrifuging at 2,000 rpm for five min in 500 ml of a mag-
nesium sulphate solution of 1.16 specific gravity. Then 
eggs and juveniles in the water suspension were sieved 
through the 5 m pore sieve, sprayed with tap water to 
wash away the magnesium sulphate solution and collected 
in about 30 – 40 ml water. Then they were counted and 
final nematode population density (Pf) in each pot was 
determined by summing nematodes recovered from soil 
and roots. The nematode reproduction factor r was ex-
pressed as ratio between final and initial population density 
(Pf/Pi) of M. javanica. 
Data from the experiment were subjected to analysis of 
variance (ANOVA) and means compared by Least Signifi-
cant Difference’s Test. All statistical analysis were per-
formed using the PlotIT program. 
 
 
Histopathology 
Galled roots from M. javanica infected tomato plants were 
used for histopathological studies. Roots were gently wash-
ed free of adhering soil and debris, and individual galls were 
selected together with root segments of un-infected plants. 
Galled and healthy root tissues were fixed in formaldehyde 
chromo-acetic solution for 48 h, dehydrated in a tertiary 
butyl alcohol series (40 – 70 – 85 – 90 – 100 %) and 
embedded in 58 °C melting-point paraffin. Embedded 
tissues were sectioned with a rotary microtome. Sections 10 
– 12 m thick were mounted on glass slides, stained with 
safranin and fast-green, mounted in dammar xylene and 
examined microscopically (Johansen, 1940). 
 
Results 
 
In vitro experiment 
During the first two weeks, emergence of juveniles from 
egg masses was suppressed in all the aqueous solutions of 
tannin and fenamiphos (Table 2). All treatments with tan-
nin in the range 1.28 – 20.48 g/l did not significantly differ 
from fenamiphos. Only at the concentrations of 0.32 and 
0.64 g/l tannin the emergence of juveniles was signifi-
cantly larger (P = 0.05) than that in fenamiphos, but less 
than that in distilled water (control) (Table 2). 
When aqueous extracts of tannin and fenamiphos were 
removed and the incubation continued in distilled water, 
egg hatch of egg masses previously incubated in tannin 
solutions resumed, however, during the following three 
weeks for the egg masses which had been incubated in 
tannin at 5.12 – 20.48 g/l, hatching remained still lower 
(18.7 – 33.5 %) than the untreated control (Table 2), where 
more than 50 % of the egg masses hatched. Emergence of 
juveniles in tannin at 10.24 g/l was significantly lower than 
that in the control until the seventh week (Table 2). At the 
end of the incubation period (twelve weeks), the final cu-
mulative hatch percentages in all tannin solutions did not 
differ from that in distilled water, except in aqueous solu-
tion at 2.56 g/l, in which it resulted significantly higher. 
Emergence of juveniles in the fenamiphos solution did not 
resume after transferring the egg masses in water and a 
final cumulative emergence of only 6.5 % was recorded. 
 
Glasshouse experiment 
All treatments with tannin did not significantly (P = 0.01) 
increase tomato plants growth variables compared with the 
untreated control (Table 3). However, treatments with the 
highest doses of tannin (450 and 250 g/m2) applied at 
transplant and again 2 weeks later, significantly reduced root 
gall index in comparison to inoculated and untreated control, 
similarly to the treatment with fenamiphos (Table 4). 
The remaining treatments with aqueous solutions of tannin 
(100 and 250 g/m2) applied only at transplant, did not sup-
press nematode GI on the roots compared to untreated 
control, which resulted also significantly higher than that 
recorded in fenamiphos treated plants (Table 4). 
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Table 4. Effects of different concentrations of aqueous solutions of tannins on the root-knot nem
atode M
eloidogyne javanica 
 
T
reatm
ent 
D
ose (g/m
2) 
 
A
pplication tim
e 
R
oot gall index (0-5) 
E
ggs and juveniles /g root 
Final population/cm
3 soil 
(from
 roots and soil) 
R
eproduction rate 
r = Pf/Pi 
Tannin 
100 
A
t transplant 
3.8
(1) 
cd
(2) 
C
D
 
10.098 
c 
D
 
290 
bc 
B
C
 
58 
bc 
B
C
 
Tannin 
100 
A
t transplant and 2 w
eeks later 
3.0 
bc 
A
B
C
D
 
9.866 
c 
C
D
 
381 
c 
C
 
76 
c 
C
 
Tannin 
250 
A
t transplant 
3.7 
cd 
B
C
D
 
7.715 
bc 
B
C
D
 
248 
bc 
A
B
C
 
50 
bc 
A
B
C
 
Tannin 
250 
A
t transplant and 2 w
eeks later 
2.7 
ab 
A
B
C
 
4.896 
ab 
A
B
C
 
151 
ab 
A
B
 
30 
ab 
A
B
 
Tannin 
450 
A
t transplant 
2.7 
ab 
A
B
C
 
4.469 
ab 
A
B
 
179 
ab 
A
B
C
 
36 
ab 
A
B
C
 
Tannin 
450 
A
t transplant and 2 w
eeks later 
2.5 
ab 
A
B
 
5.271 
ab 
A
B
C
D
 
149 
ab 
A
B
 
30 
ab 
A
B
 
Fenam
iphos in liquid 
form
ulation 240 E
C
 
1.2 m
l/m
2 
A
t transplant 
1.8 
a 
A
 
2.482 
a 
A
 
55 
a 
A
 
11 
a 
A
 
C
ontrol (inoculated and 
untreated) 
 
-- 
4.0 
d 
D
 
16.196 
d 
E 
594 
d 
D
 
119 
d 
D
 
C
ontrol 
 (non inoculated and 
untreated) 
 
-- 
0.0 
 -- 
 -- 
      0 
 -- 
 -- 
0 
 -- 
 -- 
-- 
-- 
-- 
*
          Each value is an average of 10 replications; 
**    D
ata follow
ed by the sam
e letters in each colum
n are not statistically different according to Least Significant D
ifference’s Test (sm
all letters for P=0.05; capital letters for P=0.01). 
5 3  
Bereitgestellt von  Universita degli Studi di Modena e Regio Emilia | Heruntergeladen  12.02.20 14:26   UTC
 
 
 
 
54
The number of eggs and juveniles of the nematode per 
gram of root in the inoculated untreated plants was signifi-
cantly higher than that observed in all other treatments (P 
= 0.01) (Table 4). 
In plants treated with the highest doses of tannins, the num-
ber of eggs and juveniles per gram of root was not signifi-
cantly different from that recorded in the fenamiphos treat-
ment, whereas significant differences (P = 0.05) were obser-
ved in comparison to treatments with the lowest dose (100 
g/m2) applied at transplant and two weeks later (Table 4). 
The treatments with medium and highest doses of tannins 
and fenamiphos significantly (P = 0.01) reduced M. 
javanica final population density (Pf) in the soil (eggs and 
juveniles/cm3 soil) in comparison to untreated control. For 
this parameter, a significant difference was observed be-
tween fenamiphos and the lowest dose of tannin. 
In the untreated control, nematode reproduction rate (r = 
Pf/Pi) was significantly larger than that of all other treat-
ments (P = 0.01) (Table 4). With the exception of the low-
est dose (100 g/m2) (P = 0.01), tannin treatments, applied 
at transplant or at transplant and two weeks later, were not 
significantly different from fenamiphos (Table 4). 
 
Histopathology 
Root galls induced by M. javanica on tannin treated tomato 
roots varied in size and shape and occurred on both the main 
and lateral roots. Usually, galls contained more than one 
female. Observation of stained root sections revealed tissue 
hypertrophy and hyperplasia as well as disorganization and 
disruption of xylem elements and primary phloem cells. The 
nematode induced permanent feeding sites adjacent to 
vascular tissues consisting of groups of two to five large, 
multinucleate giant cells. Active multinucleated giant cells 
showed characteristic dense cytoplasm and numerous 
hypertrophied nuclei and nucleoli. Additionally, hyperplasia 
of tissues adjacent to the giant cells caused the root tissue 
expansion, leading to the formation of the observed root 
galling. The anatomical changes induced by M. javanica in 
tomato roots treated with tannins did not differ from those 
produced by this and other Meloidogyne species on various 
hosts reported earlier (Huang, 1985) (Fig. 1). 
 
Discussion and conclusions 
 
The in vitro experiment showed that tannin solutions 
greatly reduced nematode egg hatch. Between the third and 
the seventh week, the cumulative egg hatch percentage was 
gradually reduced as the applied concentrations increased. 
Probably a longer exposure to the tannin solutions (for 
more than 2 weeks) could have shown a nematicidal effect 
of these solutions. Hewlett et al. (1997) showed that tannic 
acid is an attractant for the root-knot nematodes M. 
arenaria (Neal) Chitw. and M. incognita (Kofoid & White) 
Chitw., whereas it is repellent for Radophulus similis 
(Cobb) Thorne and without any effect on Heterodera 
glycines Ichinohe. Few attractants or repellents for M. 
javanica have been identified (Bird, 1959; 1960; Oteifa & 
Elgindi, 1961). Application of attractants or repellents at 
planting or before transplanting may serve to disorientate 
phytoparasitic nematodes causing them difficulties in 
locating the root systems and potentially reducing plant 
damage. Therefore, the observed nematostatic effect of 
aqueous solutions of tannins together with the combined 
characteristics of attractants might represent a possible 
control tactics for plant-parasitic nematodes, alternative to 
the repeated use of chemicals. 
Results from the glasshouse experiment seem to confirm 
this hypothesis. In the pot experiment all doses of tannin 
PN
X
GC 
N
N
GC
 
 
Fig. 1. Host-parasite relationship between Meloidogyne javanica and 
tomato plants treated with tannin solutions. Nematode infected 
tomato root (A). Transverve (B) and longitudinal sections (C) of 
root infested by M.javanica. GC = giant cells; PN = hypertrophic 
nucleous; N = nematode; and X = compressed xylem. 
A
B
C
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(100, 250 and 450 g/m2) reduced the number of eggs and 
juveniles/g root, the final population/cm3 soil and the 
reproduction rate in comparison to infested untreated 
control. In particular, a significant reduction of the 
nematode gall index on the roots was obtained by the use 
of tannins at 250 g/m2 applied two times, at transplant and 
two weeks later, demonstrating the protective and positive 
effect of repeated treatments. However, the lowest dose 
(100 g/m2) of tannin was not sufficient to contain the initial 
nematode attack on the roots. Also in this case, there might 
be a close association of the level of this compound with 
nematode invasion. Tannin deposition occurred in 
parenchyma and endodermis cells of alfalfa roots invaded 
by Pratylenchus penetrans (Cobb) Filipjev & Schuurmans-
Stekhoven (Townsend et al., 1989; Zunke, 1990) and in 
banana roots infected by R. similis (Valette et al., 1997). 
The phenols content in roots is associated with the defence 
strategy of plants to nematode infection. Tannins are 
compounds that could be involved in the passive defence 
of the plant as chemical barriers to the invasion of the 
parasite in the roots and they might increase host resistance 
to nematode infection (Taylor & Murant, 1966). It is 
necessary to consider that the nematicidal effect of various 
organic amendments and in particular of grape pomace 
against Meloidogyne spp. may be related also to the release 
of compounds such as polyphenols and tannins from the 
berry epidermis in which the tannin content can vary from 
0.4 to 3 % (D’Addabbo et al., 2000; Flanzy, 2000).  
In conclusion, the use of tannins appears promising for the 
control of plant-parasitic nematodes in sustainable agri-
culture. However, further studies are suggested to investi-
gate the effect of tannins in different types of soils and on 
different nematode species.  
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